Cropping systems of safflower (Carthamus tinctorius L.) with faba bean (Vicia faba L.) under different fertility were compared with sole cropping of each crop during 2015 and 2016 at the Research Farm of Tabriz University in Iran. The treatments were cropping systems (safflower and faba bean sole croppings, intercropping systems of safflower and faba bean with ratios of 1:1 and 2:1), and nutrient levels (100% chemical fertilizers, 60%, 30% chemical + biofertilizers and no fertilizer). A factorial set of treatments based on a randomized complete block design replicated three times was used. Cropping system and fertility effects were significant for yield and yield components of each crop. Yield and yield components were increased with the integrated use of 60% chemical plus biofertilizers for both years, while seed yield was reduced by intercropping. Maximum land equivalent ratio (LER), relative value total (RVT), system productivity index (SPI) and monetary advantage index (MAI) were achieved in nutritive level of 60% chemical plus biofertilizers as intercropped plants in ratio of 1:1 for both years. The total actual yield loss (AYL) values were positive and greater than zero in all mixtures, indicating an advantage from intercropping over sole crops. Intercropped safflower had a higher relative crowding coefficient (RCC) than intercropped faba bean, indicating that safflower was more competitive than faba bean in intercropping systems. From this study, it is inferred that intercropping (safflower and faba bean) with integrated use of the reduced chemical and biofertilizers may give better overall yield and income than sole cropping of each crop species.
Introduction
Intercropping, which is defined as growing more than one species simultaneously in the same field during a growing season, is considered one important strategy in developing sustainable production systems, particularly systems that aim to limit external inputs (Jahansooz et al., 2007; Zhang et al., 2008) . Intercropping of grain legumes with non-legume crops have several benefits such as improvement of soil fertility through the addition of nitrogen by fixation and excretion from the component legume (Manjith Kumar et al., 2009) , high productivity and profitability (Singh Rajesh et al., 2010) , efficient use of resources (Oelbermann and Echarte, 2011) , suppressing diseases and weeds (Banik et al., 2006) and yield stability (Nassab et al., 2011) . Existing reports indicated that the yield of safflower and or faba bean can be improved in an intercropped system (Singh Rajesh et al., 2010; Zafaranieh, 2015) . In intercropping systems, intra and or inter specific competition or facilitation between the system components may occur. Competition is one of the factors that can have significant impact on growth and yield of plant species used in intercropping compared with sole cropping (Caballero et al., 1995) . Several indices such as land equivalent ratio, relative crowding coefficient, actual yield loss, relative value total, system productivity and monetary advantage have been used to describe competition and agronomic or economic advantages of intercropping systems (Banik et al., 2000; Fetene, 2003; Ghosh, 2004; Midya et al., 2005) .
Seeds were inoculated using biofertilizers before having them sowed in both years. The experimental site was deeply ploughed and harrowed in each cropping year and sowing was done manually by planting two seeds using a planting station. The rows were thinned to the required experimental populations at two weeks after planting. In the first year (2015) , safflower and faba bean were planted on 16 May, while in the second year (2016), were planted on 14 May. Plant densities of safflower and faba bean were 40 and 20 plant m -2 , respectively. For C3, two rows of safflower were intercropped with one row of faba bean (with plot sizes of 4×3 m 2 ). Also, four rows of safflower were intercropped with two rows of faba bean for C4 (with plot sizes of 4×6 m 2 ). In sole cropping of each crop, four rows were sown with plot sizes of 4×2 m 2 . The plots were weeded manually as required after sowing. Safflower and faba bean were harvested on third of September and on seventh of August in both years, respectively. At maturity, all plants of each crop were harvested separately from the mixtures, and used for seed yield and yield components determinations.
Competitive indices and monetary advantage
The competitive effects and responses of component crops in different safflower and faba bean cropping systems were determined in terms of land equivalent ratio (Willey, 1979) , relative value total (Vandermeer, 1989) , relative crowding coefficient (Dhima et al., 2007) , actual yield loss (Banik, 1996) , system productivity index (Agegnehu et al., 2006) , intercropping advantage (Banik et al., 2000) and monetary advantage index (Ghosh, 2004) by using the following equations.
Where Yss and Yfs are the yields of safflower and faba bean as sole crops respectively, and Ysi and Yfi are the yields of safflower and faba bean as intercrops, respectively. Ps and Pf are the market prices of safflower and faba bean, respectively. Zsi and Zfi were proportions of safflower and faba bean in the intercrops, and Zss and Zfs were proportions Another recent trend is chemical fertilizers being replaced by biofertilizers in global production. Bio-fertilizer (PGPR) represent a specific complex of microorganisms which enable the movement of nutrients from soil to plants through biological process such as N fixation and solubilization of rock phosphate and can improve root system and seed germination (Abou-Khadrah et al., 2000) . Biofertilizers are found to have a positive contribution to soil fertility, resulting in an increase in crop yields without causing any environmental, water or soil pollution hazards (Timmusk et al., 1999; Daiss et al., 2008) . Azimi et al. (2013) . This suggested that the yield to components were increasing. It was reported the nitrogen and phosphate biofertilizer application which account for an important benefit, causing a decrease in the inputs of production because of cost deduction compared to chemical fertilizers which increased biological yield. In some studies, it was clearly revealed that biofertilizer application resulted in high productivity for safflower (Mirzakhani et al., 2009; Seyed Sharifi, 2012) .
The objectives of this study were: (i) to estimate the effect of competition among the different species used in two intercropping systems, (ii) to evaluate the difference in competition indices in these intercropping systems, (iii) to determine which system is better for resource management with respect to productivity, competition, and economic parameters, (iv) to investigate the effect of biofertilizers on yield to yield components of safflower and faba bean in intercropping systems. The experiment was laid out in a randomized complete block design arranged in factorial with three replications. The factors were cropping systems which included: sole croppings of safflower (C1) and faba bean (C2), intercroppings of safflower/faba bean with the ratios of 1:1 (C3) and 2:1 (C4), and nutrient levels of application of (13) of safflower and faba bean in the sole crops, respectively.
Materials and Methods

Experimental design and crop management
Statistical analysis
Combined analysis of variance was performed using MSTAT-C software. Means of the treatments were compared, using Duncan's multiple range test at the 5% probability level. The data showed normal distribution and no transformation was required.
Climate
The weather conditions in both years were different from the norm for research farm. The total precipitations during growing seasons were 74.1 mm and 90.9 mm in 2015 and 2016, respectively (Table 1 ). All parameters showed an increase in the second year compared to the first year. Conditions of the 2016 cropping season were more favorable for faba bean and safflower production because they were wetter and cooler than in 2015.
Yield components of safflower
Using variance analyzing results it was indicated that the number of seeds per plant head increased and also the weight of 1000 seeds per plant was influenced by the fertilizer and cropping system and by the year. Also the interaction of the year × the fertilizer had a significant effect on the head number per plant and seed number per head (P ≤ 0.01) ( Table 2 ). The number of head per plant and seed per head increased by 60% after applying the chemical and biological fertilizers (Table 3) . Data given in Tables 4 suggest that, two row of safflower with one rows of faba bean (1:1) recorded the highest number of heads per plant and seeds per head compared with the other pattern under the study. These results agreed with those found by Jalilian et al. (2017) on safflower intercropped with bitter vetch, and Abdelkader and Hamad (2015) on safflower when intercropped with fenugreek.
The, effect of cropping system × fertilizer was significant on 1000-seed weight. The highest value of this trait was obtained in cropping system of 1:1 with application of 60% chemical plus biological fertilizers (Table 5 ). Effect of biofertilizers on yield components of safflower was positive in this study. In other words, utilizing 60% chemical fertilizer through improving bio-fertilizers activity and providing better nutrient absorption helps in improving photosynthesis (Narula et al., 2000) . Farnia and Moayedi (2014) confirmed positive N and P biofertilizers effect on 1000-seed weight. 
Yield components of faba bean
The year and fertilizer effects were significant (P ≤ 0.01) for pod number per plant, seeds number per pod and 100-seeds weight. Except for seeds per pod, cropping system significantly influenced yield components of faba bean (Table 2) . Mean yield components were significantly higher in the second year than that in the first year (Table 7 ). In the second year, climatic conditions, particularly desirable rainfall and temperature during seed filling period, probably, lead to produce large seeds.
In both years, pod number per plant was increased in safflower/faba bean intercropping (1:1) with application of 60% chemical plus biological fertilizers (Fig. 1) . Increasing the pod number per plant in 1:1 cropping system is probably the result of different above and below-ground growth habits and the morphological characteristics of the intercrop components, allowing for a more efficient utilization of plant growth resources, i.e., water, light and nutrients. These results are in agreement with those previously found by Xiang et al. (2012) and Mahapatra (2011) .
Among the different cropping system, the highest 100-seed weight belonged to 2:1 safflower/faba bean intercropping (Table 4 ). In 2:1 cropping system, due to the lower pod per plant and seed per pod, more photosynthetic materials have been allocated on the seeds and increase seed weight. The highest seed number per pod was obtained from application of 60% chemical plus biofertilizers, while the highest 100-seed weight was observed at no application of fertilizers and the lowest value was observed in application of 60% chemical plus biofertilizers (Table 6) . Presumably, utilizing 60% chemical plus biofertilizers, cause to increasing seed number per pod and pod number per plant, which leads to an increase in competition between the seeds to receive photosynthetic materials, as a result 100-seed weight was reduced.
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Seed yield Seed yields of safflower and faba bean were affected by year, cropping system and biofertilizer (Table 2 ). Mean seed yields of each crops were higher in the year 2016 than in 2015 (Table 3 ). This could be attributed to higher rainfall and lower temperature in 2016 compared to 2015.
In both years, seed yields of both crops were significantly lower in intercrops due to interspecific competition for light, water and nutrients (Tables 4 and 5 ). The yield of cowpea intercropped with sorghum in the sole cropping system was higher than the intercropping system. It showed that the intraspecific competition in the sole cropping system was lower than the interspecific competition in the intercropping system (Chimonyo et al., 2016) . In addition, these results agree with those reported by Lal et al. (2017) . The highest safflower and faba bean seed yields belonged to application of 60% chemical plus biofertilizers in the second year (Table 3) . Similar findings were also reported by Seyed Sharifi et al. (2017) , who stated that biofertilizer alone, or in combination with synthetic fertilizers have significantly increased grain yield. Biofertilizers are good tools to reduce the application of chemical fertilizer and reduce its negative environmental effects also improves seed yield because of the increase in metabolic activities of biologic fertilizers and production of growth stimulating hormones by bacteria (Uhart and Andrade, 1995) . Also, these results agree with those reported by Jahan et al. (2013) and Kumar et al. (2009) .
Land equivalent ratio (LER)
Land equivalent ratio is the most commonly used indices for assessing competition in intercropping system in contrast to pure stands (Agegnehu et al., 2006) . The LER is the relative area of sole crop required to produce the yield achieved in intercropping (Khan, 1988) . The partial LER of safflower (LERs) in 1:1 cropping system with 60% chemical plus biological fertilizers was higher than those of other treatment combinations in both years (Table 9 ). This indicates that there was an advantage for safflower in this cropping system. The partial LER of faba bean (LERf) was higher in 2:1 cropping system with 60% chemical plus biofertilizers in both years ( Table 9 ).
The value of LER appears to be greater than 1.00 under all intercropping systems for both years (Table 9) , which indicates a total yield advantage of intercrops compare to sole crops (Mead and Willey, 1980) . In addition, LER values in the second year were higher than that of the first year in all treatment combinations. The highest LER (1.41) was obtained from cropping system of 1:1 with applying of 60% chemical plus biofertilizers in 2016 (Table 9) . These results represent the role of biofertilizers in increasing LER and an advantage from intercropping over sole cropping in terms of the use of environmental resources for plant growth and better land utilization. In this context, the higher LER value regardless of the crops for intercropping than sole cropping system was reported by various researchers (Dhima et al., 2007; Imran et al., 2011; Chimonyo et al., 2016) .
Relative Value Total (RVT)
For both years, relative value total for all intercrops was more than one, which indicates the economic advantage of intercropping over the pure one (Table 8 ). The highest RVT values were observed in cropping system of 1:1 with applying of 60% chemical plus biofertilizers in 2016 (Table   8) Table 8 , regardless to fertilizer sources, fertilizer application more improved safflower and faba bean yields (LER) and economical outputs (RVT) as intercropped compare to sole cropping of them.
Relative crowding coefficient (RCC)
Relative crowding coefficient is used as a measure of interspecific competition. Willey and Rao (1980) reported that where the relative crowding coefficient of a particular crop species is less than, equal to or greater than 1, then that species produced less yield, the same yield or more than 'expected' yield, respectively. RCC values for safflower (RCCs) were greater than one, whereas, it was less than one for faba bean (RCCf) in most intercrops (Table 8 ). The intercropped safflower had higher RCC values than the intercropped faba bean, indicating that safflower was more competitive than faba bean in the intercropping systems. Hence, safflower due to its stronger rooting system and high nitrogen uptake was able to obtain more resources than faba bean, which makes it a superior crop in intercropping treatments. In general, non-legume crop is intended to be a dominant crop in annual legume/non-legume intercrop system (Wahla et al., 2009) , for instance in safflower/fenugreek (Abdelkader and Hamad, 2015) , mustard/legume (Banik et al., 2000) and safflower/bitter vetch (Jalilian et al., 2017) intercrops. The maximum value of K was observed in 1:1 row ratio, which indicated a yield advantage as for this cropping system (Table 8) . This result is supported by the findings of Banik et al. (2000) in chickpea/wheat intercropping.
Actual yield loss (AYL)
Actual yield loss for safflower (AYLs) had positive values in 1:1 cropping systems while the negative values were obtained from cropping system of 2:1 (Table 10) . Actual yield loss index gave more accurate information than the other indices on inter and intraspecific competitions and the behavior of each species in intercropping systems (Banik et al., 2000) . Partial yield loss also demonstrates the proportionate yield loss or gain by its sign and as its value (Dhima et al., 2007) . Thus, there was a 68% (AYLs = + 0.68) increase in yield of safflower in 1:1 cropping systems with 60% chemical plus biological fertilizers, when compared to its sole crop yield. However, in 2:1 cropping system, the AYLs ranged from -0.14 to -0.06 indicating a yield loss of 14-6%, compared to sole crop yield. In the first year, actual yield loss for faba bean (AYLf) had negative values in 1:1 cropping system under all fertilizer treatments except application 60% chemical plus biofertilizers, indicating a yield loss of faba bean compared to sole crop yield (Table 10 ). The positive values of AYLf were obtained from other treatment combinations in both years. In both years, total actual yield loss values were more than zero in all intercrops which suggests an advantage of intercropping over sole crops (Table 10) .
Monetary advantage index (MAI)
The positive monetary advantage index values in most cropping patterns indicated the profitability of intercrops compared with sole cropping system (Sadeghpour et al., 2013) . MAI values were positive in all intercropping systems in both years ( Table 9 ). The result showed positive yield and economic advantages of the intercropping system over their sole cropping. The highest MAI was obtained in the 1:1 cropping system with 60% chemical plus biological fertilizers, which implied that this cropping system was highly economical and advantageous for the mixtures. Ghosh (2004) reported that if LER and K values were higher, there was an economic benefit expressed with MAI values such as obtained in the present study. Krantz et al. (1976) also reported higher monetary returns from systems involving intercropping of legumes and non-legumes compared to sole non-legume cropping which was attributed to better utilization of resources. 
